Objective: We compare the mitral valve annular dimension in relation to the body surface area of the Indian population as against the standard values. Methods: The study was conducted between September 2004 and February 2006 on 406 subjects, out of which 252 were males and 154 were females. A spatially oriented B-mode scan echocardiogram was used, with the long-axis plane running parallel to the heart or the left ventricle, the short-axis plane being perpendicular to the long axis, and the four-chamber plane orthogonal to the other two and somewhat representing a frontal plane. Mitral valvular dimensions were recorded in early diastole. Results: The mitral valve showed a steady rise in its diameter with rise in body surface area. For body surface area ranging from 0.61 to 0.7 m 2 , the mitral valve diameter was 15.5 mm. There was a sudden increase from 15.5 mm to 18 mm for body surface area ranging from 0.71 to 0.8 m 2 . After this sudden increase, the mitral valve diameter steadily increased by 0.2-0.6 mm for every 0.1 m 2 increase in body surface area. The values obtained from the Indian population were definitely lower than the lower end of standard deviation of the standard values, which are derived in relation to body surface area. Conclusions: Although the annular dimensions of the mitral valve increased correspondingly with body surface area, they still remained very low in the Indian population as compared with the standard values, which might cause patient-prosthesis mismatch during mitral-valve replacement surgeries. #
Introduction
Cardiac valves are affected both by congenital malformations and by acquired valvular diseases. Disease can cause either a stenotic or a regurgitant lesion. In the former condition, there is a narrowing of the orifice but the annulus remains normal, whereas in the latter, the vale annulus is widened. Hence, to replace the valve and to know the severity of the regurgitant lesion, the normal valve size should be known. When a valve is being replaced, it can result in a condition called 'patient-prosthesis mismatch' (PPM). This can result in restrictive changes of the heart due to the prosthetic valve being smaller than the annular size of the valve. The annular dimensions depend on age, sex, and the individual's body surface area. These dimensions are of utmost significance for the repair and replacement of cardiac valves. These parameters have been already studied in the Western population and the standard measurements have been derived from them. Hence, a study of the Indian population was undertaken to compare the mitral valve annulus in relation to the body surface area, with the data available from the Western population.
Body surface area, which is a measure of the individual's height and weight, is used as an index for annular dimensions of cardiac valves. There are studies to show the definite correlation between annular size and body surface area. Riggs et al. [1] , in 1983, stated that in normal subjects, mitral valve area had excellent correlation with body surface area as described by the formula: mitral valve area = 4.83 Â body surface area À0.07. Berishvili and Mchedlishvili [2] showed that echocardiography allowed a fairly accurate estimation of the dimension of atrioventricular valves. Quantitative mitral and tricuspid valve characteristics were dependent on body surface area, but the dependence being non-linear, the variation followed a strict pattern. Habbal and Somerville [3] in 1989 showed that if the dimensions of cardiac valves were corrected with body surface area, the two-dimensional (2D) echocardiographic and surgical measurements were identical. Singh and Mohan [4] is done, the mitral leaflets are excised 2 mm away from the annulus. The prosthetic valve is sutured on to the mitral annulus, which remains unchanged, using it as a mattress to hold the valve in position. The term 'patient-prosthesis mismatch' was introduced by Rahimtoola [5] and Rrahimtoola and Murphy [6] during 1978-1981 to describe a condition in which the in vivo prosthetic valve effective orifice area (EOA) is smaller than that of the native value. Pibarot and Dimensil [7] stated that PPM is present when the EOA of the inserted prosthetic valve is too small in relation to body size. Moon et al. [8] demonstrated that PPM is a size-and age-dependent phenomenon. Patients with body surface area greater than 2.1 m 2 had a dramatic fall in survival from 78% to 25% with PPM, whereas patients with body surface area less than 1.7 m 2 did not experience the same response with PPM.
Materials and methods
The study was conducted on patients, after obtaining their consent, who visited the Cardiology outpatient department at Stanley Medical College, Chennai, Tamil Nadu, India. The total number of subjects was 406, out of which 252 were males and 154 were females. Each subject's height (cm) and weight (kg) were recorded. The study was conducted on all 406 subjects by means of an echocardiogram. The dimensions of the annuli of the mitral valve were measured by a 2D echocardiogram in early diastole as shown in Figs. 1 and 2. The echocardiogram used in this study is a spatially oriented B-mode scan, which provides a crosssectional or 2D image of an object. This 2D echocardiogram has three basic orthogonal views -the long-axis plane that runs parallel to the heart or the left ventricle (LV), the shortaxis plane that is perpendicular to the long axis and the fourchamber plane which is orthogonal to the other two and somewhat represents a frontal plane.
The mitral leaflets represent a continuous veil of fibrous tissue whose base is attached around the entire circumference of the mitral orifice to the fibromuscular ring, the mitral annuals. The valve was examined using:
(1) the parasternal long-axis view of the LV and (2) the apical four-chamber view.
The body surface area was calculated using Mosteller's formula [9] :
Height ðcmÞ Â wt ðkgÞ 3600 r
Results
As observed in Table 1 , the mitral valve diameter ranged from 15.5 to 25.5 mm, on average, in subjects with body surface area varying from 0.6 to 1.9 m 2 . The mitral valve was viewed by the parasternal long-axis view, which is commonly the antero-posterior view (Fig. 1) . The mitral valve showed a steady rise in its diameter with rise in body surface area. For body surface area ranging from 0.61 to 0.7 m 2 , the mitral valve diameter was 15.5 mm. There was a sudden increase from 15.5 to 18 mm for a body surface area ranging from 0.71 to 0.8 m 2 . After this sudden increase, the mitral valve diameter increased steadily by 0.2-0.6 mm for every 0.1 m 2 increase in body surface area. The mitral valve diameters for the LV sizes ranging from 3.1 to 7 cm were recorded ( Table 2) . Dividing the LV size into three categories with a range of 1 cm each, the mitral valve diameter (mm) was 18.7, 23.8, and 24.8 mm in the increasing order of LV size.
Discussion
The mitral valvular complex comprises the mitral atrioventricular orifice and its valvular annulus, leaflets, chordae tendinae, and papillary muscles. The mitral annulus, in contrast to the tricuspid, constitutes a relatively continuous ring of fibrous tissue. Although the entire annular circumference contacts the underlying left-ventricular wall, the remaining 20-30% of the annulus is intracavitary and continuous with the aortic valve and the right and left fibrous trigones. Between the membranous septum and the cardiac crux, the mitral annulus becomes increasingly more posterior than the tricuspid annulus as the coronary sinus ostium and atrioventricular septum intervene between the two valves. The mitral annulus is a rigid collagenous structure which is dynamic and has deformable lines of valvular attachment that change considerably with each phase of cardiac cycle and with increasing age. In the living subject, the annular area is about 7.1 AE 1.8 cm 2 . In fixed postmortem specimens, the normal mitral annular circumference averages 9.5 AE 2 cm and is about 1-1.5 cm greater in fresh than in fixed specimens. According to Ormiston et al. [11] , the maximal mitral annular circumference was 9.3 AE 0.9 cm.
The mitral leaflets form a continuous funnel-shaped veil with two mitral leaflets, the aortic and the mural. The aortic leaflet is semicircular and, by virtue of its intracavitary position, subdivides the LV into inflow and outflow tracts. The mural leaflet is rectangular and can be subdivided by minor commissures into three semicircular scallops. The basal portion of aortic leaflet contains actual myocardial cells. The mitral leaflets normally have no septal insertions. There is a solitary zone of apposition that has the ends, which are termed the 'commissures'. In fact, it is the inferior end of the valve that is positioned anteriorly when considering the valve as it lies in the body.
There was a steady increase in the diameter of mitral valve with increasing body surface area, as noted from Table  1 . Hence, body surface area as a predictor of normal diameter of the mitral valve is confirmed in this study as seen in Fig. 3 . The obtained values of mitral valve diameter, when compared with standard values, were significantly lower in our study population. The values obtained from the Indian population were definitely lower than the lower end of standard deviation of the standard values. This shows that the mitral valve diameter in the Indian population is significantly lower.
According to the statistical analysis, as given in Table 3 , the correlation between body surface area and the mitral valve increase in diameter is proved beyond doubt. Hence, body surface area alone has excellent correlation with mitral valve dimension. The tests of significance when applied to the values of mitral valve diameter in the Indian study population as against the standard values have proved that the study is a very significant one. These data are given in Table 4 . Fig. 3 also give the same difference in graphical representation.
According to Pibarot (www.cardiologyonline.com/wchd05/ abstracts/3043%20Pibarot.doc), PPM is present when the EOA of the inserted prosthetic valve is too small relative to body surface area. PPM is defined as an EOA indexed for body surface area <0.8-0.9 cm 2 m À2 in the aortic position and <1.2-1.3 cm 2 m À2 in the mitral position. This is a frequent problem in patients undergoing aortic or mitral valve replacement (20-70% prevalence), and its main hemodynamic consequence is to generate high transvalvular gradients through normally functioning prosthetic valves. PPM is associated with worse hemodynamics, less regression of LV hypertrophy, more cardiac events, and higher mortality rates after aortic valve replacement. The greatest impact of PPM with regard to mortality is the early postoperative period, especially in patients with depressed LV function. PPM is also a frequent problem after mitral valve replacement, where it is associated with less regression of pulmonary hypertension and higher mortality. As opposed to other risk factors for postoperative morbidity and mortality, PPM can be largely prevented by implementing, in the operating room, a simple prospective strategy. Westaby et al. [12] , in 1984, have given the mean circularized orifice area in cm 2 as shown in Table 5 . Comparison of these sizes with the manufacturer's calculated area for current prostheses shows that most mechanical valves and bioprostheses are potentially restrictive at rest. They have quoted that improved prosthetic design, valve repair whenever possible, and an annular enlargement procedure would be required to eliminate this size disparity.
Lam et al. [13] have reported that PPM after mitral valve replacement is not uncommon; it is associated with recurrence of congestive heart failure and postoperative pulmonary hypertension and independently affected late survival and have emphasized the importance of implanting a sufficiently large prosthesis in adult patients undergoing mitral valve replacement.
Hence, careful selection of stented bioprosthetic valves with an adequate ratio of EOA to body surface area should be ensured. The prosthetic valves available in the market take the standard values for their manufacture. These can vary in the Indian population. Moreover, the EOA is indexed to the patient's body surface area, which shows that there are individual or racial variations in the annular dimensions. Thus, this difference between the diameters of the prosthetic valve and the original annular dimension can lead to a number of difficulties, which are encountered during surgical replacement of mitral valve and also as postoperative complication. One of the most important postoperative complications is PPM. The prosthetic valves available in the market are manufactured to fit the standard annular sizes. Moreover, when a patient is taken for surgery, the annular dimensions are checked against the patient's body surface area. Simultaneously, the LV size was also measured and only those subjects with no obvious pathology of the heart, as studied in the echocardiogram, were considered fit for this study. This still makes this study a valuable one. Hence, the mitral valve can be concluded to be smaller in this normal study population as compared to the standard values. Hence, this study has showed that the normal diameter of mitral valve annulus in the Indian population is definitely lower than the standard values and should be taken into consideration to prevent the incidence of PPM during mitral valve replacement surgery. 
